daniel.lancini@ uqconnect.edu.au doi: 10.5694/mja14.00183 Summary  Cytomegalovirus (CMV) is a highly prevalent and globally distributed virus.
 CMV infection in healthy adults is usually asymptomatic or causes a mild mononucleosis-like syndrome.
 CMV disease causes significant morbidity and mortality in neonates and severely immunocompromised adults.
 CMV disease can present with a wide range of manifestations, with colitis being the most common.
 The incidence of severe CMV disease in immunocompetent adults appears to be greater than previously thought, which may be partly due to immune dysfunction related to comorbidities such as kidney disease or diabetes mellitus.
 CMV disease can mimic an array of alternative diagnoses and pose a significant diagnostic challenge, especially in immunocompetent adults, leading to delayed diagnosis, adverse health outcomes and unnecessary financial expense.
 Non-invasive testing for CMV is widely available and can facilitate early diagnosis if used appropriately.
 Although limited, current evidence suggests that targeted antiviral therapy with ganciclovir or valganciclovir is appropriate for severe CMV disease in immunocompetent adults.
Cytomegalovirus disease in immunocompetent adults
C ytomegalovirus (CMV) is an internationally ubiquitous human herpes virus with a worldwide seroprevalence ranging from 45% to 100%. 1 A national serosurvey in 2006 estimated that 57% of Australians between the ages of 1 and 59 years were seropositive. 2 While primary CMV infection is common in the general community, it is usually asymptomatic or causes a mild mononucleosis-like syndrome. 3 The viraemic phase is generally self-limiting in healthy adults, and is followed by a lifelong bloodborne latent phase within peripheral monocytes and CD34+ myeloid progenitor cells 4 (Box 1).
However, in certain circumstances CMV infection is capable of producing severe, life-threatening disease, including a wide range of potential clinical manifestations, owing to systemic haematogenous dissemination and a very broad tissue tropism 6 (Box 2). Typically, severe CMV disease occurs in the context of an immature, suppressed or compromised immune system, and can lead to death or permanent major sequelae. 7 As such, severe CMV infection is a well recognised cause of morbidity and mortality in neonates and immunocompromised adults, such as pharmacologically immunosuppressed transplant recipients and patients with AIDS. 7 
CMV disease in immunocompetent adults
While CMV is a well recognised pathogen in neonates and immunocompromised adults, the burden of CMV disease in immunocompetent adults is less well understood. This is because severe CMV disease is of considerably lower incidence in this population. However, it is far from non-existent; over 380 published case reports document instances of severe tissue-invasive CMV infection in immunocompetent adults. Similarly to CMV disease in immunocompromised individuals, these cases show a wide range of manifestations, including colitis, 9 vascular thrombosis, 10 pneumonia 11 and myocarditis. 12 The most comprehensive evaluation of severe CMV infection in immunocompetent adults to date included a systematic meta-analysis of case reports and reviews documenting 290 instances, across all manifestations. 8 This study found that CMV infection most commonly involved the gastrointestinal tract (primarily colitis), followed by the central nervous system (including meningitis, encephalitis and myelitis) and then haematological abnormalities (including haemolytic anaemia and thrombocytopenia). CMV disease of the eye, liver, lung and vasculature were also documented, among other conditions. The authors ultimately concluded that the incidence of severe manifestations of CMV infection in immunocompetent individuals appeared to be significantly more common than previously appreciated. 8 It should be noted that the definition of immunocompetency in this analysis, like most published reviews and case reports, excluded only individuals with profound loss of immune function, including patients who had AIDS, pharmacologically immunosuppressed transplant recipients and chemotherapy recipients. However, many case reports of CMV disease in "immunocompetent" adults document comorbidities that may be associated with a degree of immune dysfunction, such as diabetes mellitus or renal failure. Indeed, studies have also shown an increased risk of CMV-related morbidity and mortality in "immunocompetent" critically ill patients. 13 It is therefore highly feasible that partial immune dysfunction may represent a currently overlooked risk factor for severe CMV disease. As such, further studies are needed to evaluate the risk of CMV disease in these populations. Nonetheless, this possibility reinforces the importance of considering CMV as a potential infectious agent even in patients with a low degree of immune dysfunction.
Diagnostic challenge of CMV disease
Although uncommon, severe CMV infection in immunocompetent adults often poses a significant diagnostic challenge, and a number of case reports have documented considerable delay to diagnosis. [14] [15] [16] Some patients with CMV colitis, in particular, have had protracted hospitalisations and have undergone surgery to investigate persistent and undiagnosed disease.
The diagnostic difficulty in CMV disease arises from three factors. First, the low incidence of severe CMV disease in immunocompetent individuals warrants a lower index of clinical suspicion for CMV infection at initial presentation. Second, CMV disease can present with a wide array of potential clinical manifestations, owing to broad tissue tropism. Third, certain presentations of CMV disease strongly mimic other diseases, potentially causing diagnostic confusion and delay in diagnosis. Indeed, case studies have documented initial misdiagnoses of colon carcinoma, 14 ischaemic colitis, 15 inflammatory bowel disease, 16 dengue fever 17 and lung cancer, 18 among others.
Notable case studies
Siegal and colleagues documented the case of an 82-yearold man presenting with a 2-day history of diarrhoea and epigastric pain. 15 Non-contrast computed tomography (CT) showed faecal impaction and thickening of the wall of the distal colon, with generalised large-bowel dilatation. Despite repeated negative results from assays for Clostridium difficile toxin, antibiotics were administered. There was no clinical improvement. Sigmoidoscopy and biopsy during the second week of admission showed acute inflammation and lymphoid aggregates, but did not lead to a diagnosis. The patient was treated with mesalamine for suspected ulcerative colitis, with minimal effect. A positive faecal occult blood test result raised the suspicion of ischaemic colitis. However, repeat sigmoidoscopy and biopsy at 1 month after admission showed mucosal ulceration with viral inclusions diagnostic of CMV infection, and treatment with intravenous (IV) ganciclovir was commenced. The authors concluded that CMV should be considered as a potential aetiological agent of severe colitis in immunocompetent individuals when other differentials have been excluded. 15 A case study by Falagas and colleagues highlighted the diagnostic difficulty posed by CMV disease in non-immunocompromised adults. 14 In this instance, a 57-year-old, HIV-negative man with chronic renal failure presented with acute abdominal pain, diarrhoea, and per rectal bleeding. Colonoscopy showed a large polypoid mass in the hepatic flexure, suspicious for colorectal carcinoma, although a colonic biopsy specimen did not show neoplastic changes. The results of subsequent CT scanning, stool examination and a C. difficile toxin assay were normal. Recurrent symptoms prompted an exploratory laparotomy and right hemicolectomy on Day 9 of admission, at which time histological analysis showed intranuclear inclusions diagnostic of CMV disease. The patient commenced a 2-week course of IV ganciclovir, and his symptoms subsequently abated. The authors concluded that the endoscopic findings of CMV colitis may resemble colon carcinoma and should be considered as a differential diagnosis, even in patients without severe immunosuppression. 14 Yu and colleagues published a case report of a 39-yearold woman with a 6-week history of fever of unknown origin who was referred to a tertiary hospital. 19 Her liver enzyme levels were elevated, and an abdominal CT scan was consistent with acute hepatitis. Results of serological screening for hepatitis A, B and C viruses, Epstein-Barr virus and HIV were negative. The result of a CMV-polymerase chain reaction (PCR) analysis was positive, and other causes (including drug-induced and autoimmune) were excluded. The severity and progressive 
Clinical implications
Delayed diagnosis of CMV disease in immunocompetent adults creates the potential for numerous adverse outcomes. Delay in initiation of targeted therapy leads to increasing morbidity and mortality as a result of disease progression. Prolonged hospitalisation is associated with health risks such as nosocomial infection and venous thromboembolism. Patients may also receive unnecessary radiation exposure from repeated CT imaging and be exposed to risks associated with surgical interventions. In addition, financial costs associated with extended hospitalisation and the potential for numerous investigations, surgery and intensive care unit admission are substantial. These consequences of diagnostic delay are of particular note, given the availability of non-invasive diagnostic testing for CMV infection, including serological tests, CMV-PCR and viral culture. 20 
Treatment of CMV disease in immunocompetent adults
While ganciclovir or valganciclovir are currently recommended as first-line treatment for severe CMV disease in immunocompromised adults, few studies have appropriately evaluated the use of these antiviral agents for the treatment of severe CMV disease in immunocompetent adults. These agents may have major side effects, including myelosuppression and potential carcinogenicity. However, untreated CMV disease is associated with considerable morbidity and mortality, and published case studies and reviews provide consistent case-based evidence of rapid clinical improvement after commencement of therapy in this clinical setting. 3, 11, 17, [21] [22] [23] Furthermore, a recent study found ganciclovir to be a safe and effective treatment for CMV-associated pneumonia in immunocompetent children. 24 Therefore, the continued use of antivirals for the treatment of very likely or proven CMV disease in immunocompetent adults appears justified at present. While formal studies evaluating the efficacy and utility of these therapies in the context of immunocompetency would be beneficial, such studies would be difficult to pursue, given the low incidence of severe CMV disease in this population. 3 
Conclusion
Although severe CMV disease primarily occurs in neonates or severely immunocompromised adults, the burden of disease in immunocompetent adults appears to be greater than previously understood. This may be partly owing to underrecognised risk from immune dysfunction associated with comorbidities such as renal failure or diabetes mellitus. It also appears that diagnostic delay is more likely in this clinical setting, especially for instances of CMV colitis, creating the potential for a range of adverse outcomes. Severe CMV disease in immunocompetent adults is likely to remain a diagnostic challenge in many circumstances. However, earlier consideration of CMV as a potential aetiological agent in individuals with atypical or refractory disease, regardless of immune status, may facilitate early non-invasive diagnosis and the initiation of appropriate directed antiviral therapy.
